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15 Claims. (C. 340-347) 

This invention relates to a system for electronically 
sorting data and, more particularly, to a system for sort 
ing data which is stored in random fashion. 
One of the operations which is often required in elec 

tronic information handling machines of the type known 
and used at present is to take data which is randomly 
stored and to rearrange that data so that it is in a desired 
order. The favored method of coding data for machine 
handling is to employ one of the several binary codes. 
Thus the data may be arranged in an order determined 
by the numerical sequence of the binary coding. Other 
methods for arranging data wherein the binary coding 
represents information of a number of different categories 
is to give each category a number. Thus, for orderly 
storage purposes, information with its assigned number, 
which usually arrives in the machine in random order, 
is put in a desired sequence using these identifying num 
bers. It should be apparent, therefore, that a desirable 
and necessary piece of apparatus is one for arranging in 
order data which is randomly stored. 
A feature of the present invention is the provision of 

apparatus that can receive randomly stored binary num 
bers from a source and can select the highest or lowest 
of those numbers, as desired, from the data being pre 
sented. 

Another feature of the present invention is the pro 
vision of apparatus which can be used to arrange, in 
order, information which is randomly arranged. 

Still another feature of this invention is the provision 
of novel, useful, and simple sorting apparatus for binary 
coded information. 
These and other objects of this invention are achieved 

in a system wherein information is provided from a 
source in the form of binary coded numbers in serial 
order, with the least significant digit first. A first of these 
numbers is entered into a first circulating stepping regis 
ter, which proceeds to circulate a first number while a 
second number is being entered into a second circulating 
stepping register. Each register has at its input end a 
digit comparing stage. Arrangement of the stepping se 
quence and entering sequence is made so that at this digit 
comparing stage in both registers the numbers pass with 
the same digit order for each number being simulta 
neously present. Means for comparing the digits is 
coupled to both digit comparing stages. This means 
provides a first output or a second output, dependent upon 
which of the two digits present is the larger. A further 
means is provided which is responsive to a complete 
number being entered into a register from the source and 
also to the output of the last named means to open for 
circulation only one of the two circulating registers. Ac 
cordingly, the register which cannot circulate its con 
tents steps them out and, in turn, receives another num 
ber from the data source. Thus, if it is desired that the 
circulating register be left with the smallest number of 
those being entered, then the register containing the larger 
number is the one which is prevented from circulating 
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2 
after a number comparison. If the register having the 
smaller number is prevented from circulating after a 
comparison, then at the end of a sorting cycle the register 
which is at that time connected to circulate is left with 
the largest of all the numbers in the data source. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention itself, both as to its 
organization and method of operation, as well as addi 
tional objects and advantages thereof, will best be under 
stood from the following description when read in con 
nection with the accompanying drawings, in which: 

Figure 1 is a block diagram of the invention; 
Figure 2 is a block diagram of a suitable circulating stepping register; 
Figure 3 is a block diagram of an embodiment of the 

invention for use with binary coded decimal; and 
Figure 4 is a block diagram of a digit comparing device 

suitable for use in the embodiment of the invention 
shown in Figure 1. 
The information handling machines used at present 

usually store binary coded data on magnetic tape or mag 
netic drums, and, in a few instances, photographic storage 
of binary coded data is used. Such data may be stored 
in parallel fashion. That is, a binary number consist 
ing of, for example, six binary digits is stored transversely 
on tape and is followed by other six binary digit numbers 
similarly stored. The transverse storage space for the 
six digits is usually referred to as a slot, each binary digit 
being stored in a cell in that slot. Each of these cells 
usually is aligned with a cell in the preceding slot, and 
the aligned cells are referred to as tracks. This type of 
storage is also used with magnetic drums. 
Another manner of storage is to store binary digits in 

serial fashion longitudinally. That is, six binary digits 
are stored, one digit in each cell, but the cells occupied 
by a number extend longitudinally along the tape and are 
contained in a track. 
The embodiment of this invention which is described 

herein is described in connection with data being sup 
plied serially from a source of data. This source of 
data may be a track on a drum or on tape from which 
the binary digits are read. In the case of parallel data 
storage on a magnetic medium, the data can be readily 
read from the tape or drum into a register from whence 
it may be stepped out to be serial. Accordingly, although 
the invention is described in connection with a serial type 
of data source, it is to be understood that this is not to be 
construed as a limitation on the invention, since it is well 
within the skill of one versed in the art to convert data 
from parallel form to serial form, or vice versa. 

Referring now to Figure 1 of the drawing, there is 
shown a block diagram of an embodiment of the inven 
tion The source of binary numbers is represented by a 
rectangle 10 labelled as a storage medium. It will be 
understood that this can represent any device, such as the 
drum or tape previously mentioned, which is capable of 
providing binary numbers in serial fashion with the lowest 
order digit coming first. The input from the Storage 
medium is applied to a first and a second input And gate 
12, 14. A first flip-flop circuit 16 has one output des 
ignated as "0" connected to the other input of the second 
input And gate 14. Another or second output of the first 
flip-flop, designated as "1", is connected to the other input 
of the first input And gate 12. The outputs of the first 
and second input And gates 12, 14 are respectively con 
nected to two Orgates 18, 20. The outputs of these Or 
gates are respectively connected to a first and a second 
Serial shifting register 22, 24. Both of these registers are 
respectively made circulatory by employing a first and 
second feedback And gate 26, 28, each of which has one 
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input connected to the output of the respective registers 
22, 24 and the outputs respectively connected to the Or 
gates 18, 20. The "1" output of the first flip-flop 16 is 
connected to a second input of the second feedback And 
gate 28 and the "0" output of the first flip-flop 16 is con 
nected to a second input of the first feedback And gate 26. 
Means are provided for applying shift pulses from a 

shift-pulse source 30 to the shifting registers 22, 24. 
These pulses are applied through an And gate 32 which 
has as its second input the output from a shift pulse 
control flip-flop 34. The first or input stage of each 
shifting register can be termed a digit comparing stage. 
Means to compare the digits present at the input stage of 
each register are provided. This is designated as a size 
comparator 36 and operates to provide one output when 
the digit in the first register is larger than the digit in 
the second register and provides a second output when the 
digit in the second register is larger than the digit in the 
first register. If the first register is designated as register 
A and the second register as register B, then the outputs 
from the size comparator may be designated ACB and 
B<A. - 

These two outputs respectively are applied to a second 
flip-flop. 38 in a manner so that when the output from 
the size comparator is A<B, the “1” output of the flip-flop 
is more positive, and when the size comparator output is 
B<A the "0" output from the flip-flop is more positive. 
The “0” and “1” outputs of the second flip-flop. 38 are 
respectively applied to two transfer And gates 40, 42. 
The output of one of these And gates 40 (the one driven 
by the "0" flip-flop output) is applied to the first input 
of the first flip-flop 16. The output of the other transfer 
And gate 42 (the one driven by the "1" output of the 
second flip-flop) is applied to the second input of the first 
flip-flop. The second inputs of the transfer And gates 
40, 42 are connected to a source of quiz pulses 44 through 
an And gate 46 which is controlled by means of a control 
flip-flop 48. 
A flip-flop circuit of a type suitable for use herein may 

be found described and shown in High-Speed Computing 
Devices, chapters 3 and 4, by Engineering Research As 
sociates, Inc., and published by the McGraw-Hill Book 
Company. The flip-flop, as is well known, includes two 
tubes with cross-connected grids and anodes. It has two 
stable conditions, one with one tube conducting and the 
other tube cut off, and the second condition with the 
conduction-nonconduction states of the tubes reversed. If 
one condition is designated as the reset condition and the 
other condition as the set condition, then the tube grid 
to which a positive pulse is applied to establish a flip-flop 
in its reset condition may be designated as a reset input 
(“R” in the drawings). Accordingly, the other tube grid 
may be designated as a set input ("S" in the drawings). 
The tube output that is high (tube is nonconducting) when 
the flip-flop is in its reset condition is the "0" output, and 
the tube output that is high when the flip-flop is in its set 
condition is the "1" output. This describes the usual 
practice in the electronic computer art. 
An Orgate such as is represented by a rectangle in the 

drawing is also known as a buffer, and it operates to 
provide an output when any one or more of its inputs are 
present. However, it does not provide any output when 
none of its inputs are present. Using the computer 
language, the output of an Or gate is "1" when any one 
of its inputs is "1" and its outputs are "0" when all of its 
inputs are "0." 
An And gate such as is represented by a rectangle in 

the drawing is also known as a coincidence gate and it 
operates to provide an output only when all of its inputs 
are simultaneously excited. Its output is high or "1" 
when all of its inputs are simultaneously "1" and its output 
is low or "0" when any of its inputs is "0." And gates 
and Or gates are found described in the previously men 
tioned book. Suitable types are also described and shown 
in an article by Felker in Electrical Engineering, volume 
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4 
71, No. 12, December 1952, entitled Typical Block Dia 
grams for a Transistor Digital Computer. 
A shifting register of a suitable type is shown and de 

scribed in an article published in Electronics magazine, 
pages 181-184, for November 1949, by Stevens and Knap 
ton and is entitled Gate-Type Shifting Register. To assist 
in an understanding of this invention, a block diagram of 
a suitable shifting register, such as described in the above 
mentioned article, is shown in Figure 2. This will be de 
scribed subsequently. 

Considering the operation of the embodiment of the 
invention, let it be assumed that the first flip-flop 16 
is energized so that the "1" output is high. This permits 
a number to come from the storage medium 10 through 
the first input And gate 12 through the Or gate 18 to be 
entered into the register 22. It should be noted here 
that the register has as many stages as there are digits in 
the numbers desired to be compared. In other words, if 
the numbers have eight digits then each stepping register 
should have eight stages, and the first stage is considered 
as the input or digit comparing stage. The shift pulse 
control flip-flop 34 is tripped to open gate 32 and permit 
the application of shift pulses from the source 30 to the 
registers. Once a number is entered into the first register, 
the first flip-flop 16 is actuated either manually or by 
means to be described later to be tripped, so that its "0" 
output is high. This operates to open the second input 
And gate 14 and to open the first feedback And gate 26. 
Thus while a second number is being applied from the 
storage medium through the second input And gate 14 to 
the second register 24, the number in the first register is 
permitted to circulate through the first feedback And gate 
26 into the register again. The timing is such that the 
lowest order digit in the first register is shifted into the 
input stage at the same time as the lowest order digit of 
the second number is entered into the input stage of the 
second register. The shift pulse then acts to transfer these 
lowest order digits in both registers to the second stage and 
to thereby permit entry of the second lowest order num 
bers into the input stages. The size comparator 36 serves 
to trip the second flip-flop 38 in accordance with whether 
the number in the A register is larger than that in the B 
register, or vice versa. Thus, in accordance with the 
convention selected, when A<B the “1” output of the sec 
ond flip-flop is high and when B-A the “0” output of the 
second flip-flop is high. If both digits in the register digit 
comparing positions are the same, no output is provided 
by the size comparator and the second flip-flop remains in 
the condition it had from the previous digit comparison. 
Thus the second flip-flop assumes one or the other of its 
two conditions of stability, as determined by the size com 
parator. 
The control flip-flop 48 which controls the And gate 46 

coupled to the source of quiz pulses 44 is opened to per 
mit a pulse from the quiz-pulse source 44 to be applied 
to the transfer And gates. However, the quiz-pulse source 
provides a pulse output only after a complete number has 
been entered into a shift register. This can be very easily 
achieved in a number of ways. One is by counting the 
digits as they are entered into the apparatus, since the 
number of digits (whether "0" or “1”) in every one of the 
numbers being entered is the same. Thus the quiz-pulse 
source can consist of a binary counter, for example, where 
in when the count equals the predetermined number of 
digits an output pulse is applied to the two transfer And 
gates. 
The two transfer And gates then transfer the condi 

tion of the second flip-flop to the first flip-flop. Thus if 
the second flip-flop has its '1' output high the first flip 
flop, in accordance with the connections shown, will have 
its “0” output high. This operates to maintain the first 
feedback And gate open and to open the second input 
And gate. Since the second feedback And gate is closed, 
the number in the second register is stepped out by the 
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shifting pulses and is replaced by a third number from the 
storage medium while the number in the first shifting 
register is circulated. The number left in the first shifting 
register is the smaller of the two in accordance with the 
convention adopted. 
The comparison cycle is repeated, the size comparator 

providing an output as each digit passes by the digit com 
paring position. When the last digit of a number is en 
tered into the second register, another pulse is provided 
by the source of quiz pulses. Assume this time that the 
"0" output of the second flip-flop is high, the first flip-flop 
will then be set with its “1” output high. This, in turn, 
opens the second feedback And gate and the first input 
And gate. Thus the number in the second register is cir 
culated while the number in the first register is replaced. 
It is interesting to note that if the higher order digits are 
the same the size comparator provides no output and 
the second flip-flop maintains whatever condition it as 
sumed in response to the compared size of the last lower 
order digits to be compared. 
Thus the embodiment of the invention shown operates 

in continuous fashion to compare numbers being suc 
cessively supplied from the storage medium. With the 
arrangement shown, at the end of the operation cycle the 
lowest one of the numbers received from the storage 
medium remains in the registers. The shift-pulse source 
may be closed by resetting the shift-pulse control flip-flop 
and the quiz-pulse source may also be closed by resetting 
its control flip-flop. 

If it is desired that the apparatus select the largest of 
the numbers provided from the storage medium, all that 
is required is to reverse the connections from the transfer 
And gates to the first flip-flop so that the '1' output of the 
second flip-flop is applied to the set input of the first flip 
flop and the “0” output of the second flip-flop is applied to 
the reset input of the first flip-flop. This permits circular 
tion in the register containing the larger number so that 
the number contained in the other register is transferred 
out. 
The data on a drum may be fed from each track in 

sequence to this apparatus or there is provided the cir 
cuitry shown for each track so that each track is sorted 
separately. If it is desired to sequentially sort informa 
tion from a cyclic source of data such as a magnetic drun, 
then the binary coded numbers are fed from the tracks 
in sequence. As shown above, the sorter retains the 
smallest (or largest) number in the shift register. This 
number is then shifted out and stored. The drum is 
then rotated through a second cycle and means are 
provided which either erase or mark each place where 
a number equal to the stored number appears. This 
serves to prevent entry of this number into the sorter. 
The drum is then rotated through another cycle during 
which the sorter searches for the next smallest number, 
as previously described. This is followed by another 
cycle during which all the next smallest, numbers are 
marked or erased. Thus by following sorting with mark 
ing cycles of the drum, the information on the drum is 
rapidly sorted into a sequence. Apparatus is well known 
for comparing binary numbers for equality. Apparatus 
of this type is used to compare the number which is stored 
in the register from the sorter with the numbers in the 
cyclic data source for the purpose of marking or erasing: 
them during the marking cycle, thus preventing their 
being considered again by the sorter. 

Referring now to Figure 2, a block diagram of a 
suitable type of shift register is shown. This consists 
of, for example, four trigger circuits 101-104 of the 
type previously identified. Two And gates 101A 
103A, 101B-103B are connected to the “1” and "O" 
outputs respectively of each trigger circuit. These And 
gates also are connected to a source of shift pulses 130. 
The output of the And gates 101A-103A are respec 
tively connected to the set input of the succeeding trigger 
circuits. The output of the And gates 101B-103B are 

10 

15 

20 

25 

30 

40 

50 

55 

60 

65 

70. 

6 
respectively connected to the reset inputs of the suc 
ceeding trigger stages. Thus upon application of a 
shift pulse to all the gates only those gates which also 
have their inputs connected to the trigger circuits high 
will provide a pulse to the succeeding flip-flop. If the 
succeeding flip-flop is in the same condition as the pre 
ceding flip-flop, the output from the And gate will not 
affect it. If it is not in the same condition as the pre 
ceding flip-flop, the And gate output will transfer it into 
the same condition. The first flip-flop 101 is reset by 
the output of the And gate 101A which is also connected 
to its reset input. Binary digits are applied to the first 
flip-flop stage from the number source. Each binary 
digit is followed by a shift pulse which transfers it to the 
succeeding register stage. If a binary digit is a "0,' no 
reset of the first stage is necessary. The input stage 101 
of the register is the digit comparing stage or position of 
the register and is connected to the size comparator. 
Feedback to the feedback And gate is taken from the "1" 
output of the last stage 104 of the register. 

Figure 3 is a block diagram of an embodiment of our 
invention which may be employed to obtain the smallest 
one of binary coded decimal numbers being supplied 
from a storage medium. The drawing has been simpli 
fied in the interest of clarity by omitting certain struc 
tures, for example, a source of shift pulses which, how 
ever, will be understood by those well skilled in the art 
as being required to practice the invention. These struc 
tures, however, will be found in Figure 1. A binary 
coded decimal number is one wherein each of the digits 
in a number expressed in the decimal system is rep 
resented by its binary number equivalent, thus 325 is 
represented as 0011-0010-0101. Since nine is the 
largest decimal system digit that is represented in this 
system, four binary system digits are used to represent 
each decimal system digit (i. e., 0000 to 1001). Since 
each decimal digit is represented by four binary digits, 
four stepping registers are required for each decimal 
number. These are designated as A1, A2, A4, and A8 
for one number and B1, B2, B4, and B8 for the second 
number. The four binary digits representing a decimal 
system digit are simultaneously entered into the four 
registers, the digit order being preserved in accordance 
with the subscript of the register designation, i.e., binary 
digits corresponding to 23, 2, 21, 20 are respectively 
entered into registers A8, A4, A2, A1, or Ba, B4, B2, 
B1, as the case may be. The number of stages in each 
register is determined by the number of decimal system 
digits in the decimal numbers to be compared. The 
decimal digit representative binary numbers are entered 
into the registers in the same order as was described 
in Figure 1, lowest decimal order first. That is, the 
four binary digits representing the lowest order decimal 
digit are entered first, the four binary digits representing 
the next lowest order decimal digit are entered next, 
and this procedure is then continued until, for example, 
a complete number is entered into the four A registers. 
Entry is made as before, through input And gates A1 
through IA8 and Or gates 101, 102, 104, and 108 re 
spectively associated with the A1-A8 registers. These 
input And gates are held open by establishing the first 
flip-flop 116 in its set condition with its “1” output high. 

Next the first flip-flop is established in its reset con 
dition with its "0" output high, thus opening the input 
And gates B1-B3, and the feedback And gates FA1, 
FA2, FA4, FA8. A secondary binary coded decimal 
number is entered into the B registers through And 
gates IB1-B8 and Or gates 111, 112, 114, 118 in the 
same manner as the first number was entered into the 
A registers. As the number in the A registers is being 
circulated past the digit comparing position of the A 
register (here the first stage in each one of the four A 
registers) it is compared with the number being entered 
into the B register (at the first stage in each one of the 

75, four B registers). 
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The size comparator 136 functions in the same man 

ner as was described for the size comparator 36 in Fig 
ure 1. It provides an output AzB or B CA as each bin 
ary coded decimal digit arrives at the comparing stages 
of the two registers. When the second number has been 
completely entered, the quiz-pulse source 44 functions 
as does the quiz-pulse source in Figure 1 to transfer the 
condition of the second register 138, which has been estab 
lished by the last output from the size comparator i36, 
to the first flip-flop. The first flip-flop then gates open 
the proper input And gates and feedback And gates, as 
previously described, to permit the larger of the two 
numbers to be transferred out and replaced by a new num 
ber while the smaller of the two numbers is circulated. 
The circuit diagram for a size comparator which can 

function to provide the outputs A<B or B<A may be 
seen in Figure 4. This consists of two identical networks. 
The connections with the registers differ, however. There 
are two output terminals, one being designated as B-3 
and the other as A<B. The input terminals to the two 
networks respectively bear the designations A1-A8, 
Al-As, B1-B8, and Bi-Bs. Al-A8 means that these 
terminals are respectively connected to the “1” output 
terminal of the input stage of the register correspondingly 
designated in Figure 3 (also see Figure 2). Al-A8 
means that these terminals are respectively connected to 
the “0” output terminal of the input stage of the register 
correspondingly designated in Figure 3 (also see Figure 
2). From the above, the connections of the B1-B8 and 
B1-B input terminals to the B1-B8 register should also 
be apparent. It should also be borne in mind that when 
an input stage, say of the A1 register, holds a zero, the 
“0” output and, consequently, the A1 terminal is high or 
more positive, and the "1" output and, consequently, the 
A1 terminal is low. Similarly, should the input stage 
hold a “1,” the A1 terminal is high and the A terminal 
is low. 
As seen in Figure 4, A1 and B terminals are coupled 

to two inputs to an And gate 200, the B1 and A1 terminals 
are connected to two inputs to another And gate 200'. 
The A2 and B input terminals are each connected to 
both an Orgate 202 and to an And gate 204. The Orgate 
202 output is connected to a third input of And gate 200, 
the And gate 204 output is connected to an Orgate 206. 
And gate 200 has its output also connected to Or gate 
206. The B2 and A2 terminals are connected, in similar 
fashion as are the A2 and B. terminals, to Or gate 202' 
and And gate 204'. The connections of the remaining 
terminals to the Orgates 208, 216, 208", 216 and And 
gates 210, 218, 210", 218" as well as the interconnections 
between the Orgates 214, 222, 214, 222' and And gates 
212, 220, 212, 220 are symmetrical and follow the pat 
tern established and described for the A2, Ba and B2, Aa 
terminals. 
The operation of these networks can best be illus 

trated by an example. Assume that the binary number 
in the digit comparing stages of the A registers is 0110 
and that the binary number in the digit comparing stages 
of the B registers is 1000. Then, the “high” terminals 
are A1, A2, A4, A8 and B1, B2, B4, B8. Thus And gate 204 
will apply a pulse through Orgate 206 to And gate 212. 
And gate 212 receives a second required input from Or 
gate 208. And gate 210 is also open. Or gate 214 
can apply a pulse to And gate 220. However, since 
neither A8 nor Bs are high, the second required input to 
And gate 220 is not provided, and hence it cannot pass 
an output pulse to the output terminal. Considering 
the A<B network, since Ba and A8 are both high, And 
gate 218 is opened to apply a pulse to the output termi 
nal through Orgate 222. 
The size comparing networks do not provide any out 

put when the numbers in the A registers and B registers 
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digit comparing positions are equal. For a simple com 
parison of two binary digits, only And gates 200 and 200' 
need be used and their connections to the A1, B, and B1, 

It will be appreciated that the digit com 
paring positions may refer to one position in one regis 
ter or to a plurality of registers. Furthermore, in com 
paring the size of two digits of a number, each digit may 
be represented by a plurality of binary digits. 

Accordingly, there has been described and shown here 
in novel, useful, and simple apparatus which is suitable 
for determining the lowest or highest number in data 
presented thereto and for use in sorting such data in a 
desired sequence. 
We claim: 
1. Apparatus for comparing a first and a second num 

ber for size comprising digit comparing positions, means 
for simultaneously passing each of said numbers a digit 
at a time, least significant digit first past said digit com 
paring positions, means coupled to said digit comparing 
positions for providing a first output responsive to a 
first number digit being greater than a second number 
digit and a second output responsive to a second number 
digit being greater than a first number digit, and means 
actuated after the most significant digits of said numbers 
are at said digit comparing positions responsive to a 
first output to store only said first number and respon 
sive to a second output to store only said second number. 

2. Apparatus for comparing for size numbers from a 
source, said numbers being applied serially, least signifi 
cant digit first to said apparatus comprising circulating 
register means for each number, digit comparing positions 
in said circulating register, means to enter a first number 
from said source into one of said circulating register 
means, means to enter a second number from said source 
into said other of said circulating register means, means 
to control the circulation of said first number and the 
entry of said second number to present the same order 
of digits substantially simultaneously at said digit com 
paring positions, comparing means coupled to said digit 
comparing positions to present an output indicative of 
which of the two digits at said digit comparing position 
is the greater, and means responsive to the entry of a num 
ber in one of said register means and to the output of 
said comparing means to permit only one of said register 
means to circulate its contents whereby the contents of 
the other register means are transferred out to be re 
placed by another number. 

3. Apparatus for comparing for size binary coded deci 
mal numbers from a source, said binary coded decimal 
numbers being applied serially, least significant decimal 
digit represented by a binary number first, said apparatus 
comprising a first and second plurality of circulating reg 
isters, the number of registers in each plurality being de 
termined by the number of binary digits required to rep 
resent a decimal digit, each register being associated with 
one order of the binary number used to represent a deci 
mal system digit, digit comparing positions in each reg 
ister in said first and second plurality of circulating reg 
isters, means to enter a first number from said source 
into said first plurality of registers, means to enter a sec 
ond number from said source into said other of said plu 
rality of circulating registers, means to control the cir 
culation of said first number and the entry of said second 
number to present the same order of binary coded decimal 
digits substantially simultaneously at said digit comparing 
positions, comparing means coupled to said digit com 
paring positions to present an output indicative of which 
of the two digits at said digit comparing position is the 
greater, and means responsive to the entry of a number 
in one of said plurality of circulating registers and to the 
output of said comparing means to permit only one of 
said plurality of circulating registers to circulate its con 
tents whereby the contents of the other plurality of cir 
culating registers are transferred out to be replaced by 
another number. 
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4. Apparatus as recited in claim 3 wherein each of said 
first and second plurality of circulating registers includes 
a serial shifting register and an And gate having two in 
puts and an output, one of said inputs being coupled to 
said register output, the other of said inputs being cou 
pled to said means to control the circulation of said first 
number and entry of said second number, and the output 
of each said And gate is coupled to the input of its asso 
ciated register. 

5. Apparatus for comparing a first and a second binary 
number for size comprising a first and a second serial 
shift register each having an input stage, means for re 
spectively entering said first and said second binary num 
bers into said first and said second serial shift registers 
through their respective input stages, a digit at a time 
and least significant digit first, means to apply pulses to 
both said registers to shift the digits entered therein, size 
comparing means coupled to the input stages of said first 
and second serial shift registers to provide a first output 
when the digit in the input stage of said first serial register 
exceeds the digit in the first input stage of said second 
serial register and a second output when the digit in said 
first register input stage is less than the digit in said second 
register input stage, first and second closed gates respec 
tively coupled between the last stage of each said first 
and second registers and the input stages to said respec 
tive registers to permit when open circulation of the digits 
of a number in said respective registers, and means actu 
ated after said numbers have been entered in said registers 
and responsive to the output of said size comparing means 
to open one of said first and second gates. 

6. Apparatus as recited in claim 5 wherein said means 
actuated after said numbers have been entered in said 
registers is responsive to a first output from said size com 
paring means to open said second gate and to a second 
output from said size comparing means to open said first 
gate whereby the smallest of said binary numbers remains 
in said registers. 

7. Apparatus as recited in claim 5 wherein said means 
actuated after said numbers have been entered in said 
register is responsive to a first output from said size com 
paring means to open said first gate and to a second out 
put from said size comparing means to open said second 
gate, whereby the largest of said binary numbers remains 
in said registers. 

8. Apparatus for determining the lowest number in a 
source of numbers which are supplied to said apparatus 
serially and with the least significant digit first said 
apparatus comprising at least a first and a second serial 
shift register, each of which has an input and an out 
put stage, a first and second closed feedback gate respec 
tively coupling the output to the input stage of each 
said first and second registers, a first and second closed 
input gate respectively coupling said source of binary 
numbers with the respective input stages of said first and 
second registers, means to open said second feedback 
gate and said first input gate to permit entry of a first 
number into said first register, means to open said first 
feedback gate and said second input gate to permit entry 
of a second number into said register, means to apply 
shift pulses to said first and second registers to circu 
late said first number a digit at a time through said first 
feedback gate while said second number is being entered 
a digit at a time into said second register, means coupled 
to the input stage of said first and second registers to 
provide a first output when the digit in said first input 
stage is lower than the digit in said second input stage 
and to provide a second output when the digit in said 
second input stage is lower than the digit in said second 
input stage, means actuated after a number is entered 
into one of said registers to actuate said means to open 
said first input gate and said second feedback gate re 
sponsive to a second output and to actuate said means 
to open said second input gate and said first feedback 
gate responsive to a first output whereby the smaller of 
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the two numbers is retained in the register, the larger 
of the two numbers is transferred out and a new number 
is entered for comparison with the remaining lowest 
number. 

9. Apparatus for determining the lowest number in a 
source of numbers which are supplied to said apparatus 
serially with the least significant digit first said appa 
ratus comprising a first and second serial shift register 
each of which has an input and an output stage a first 
and a second feedback And gate respectively having 
one input coupled to the respective register output stages 
and their outputs coupled to the respective register input 
stages, a first and a second input And gate, a first flip 
flop circuit having a first and a second output, means 
coupling one input of said first and second input And 
gates to said source of binary numbers, means coupling 
said flip-flop first output to a second input of said sec 
ond And gate and said first feedback gate, means cou 
pling said flip-flop second output to a second input of 
said first input And gate and said second feedback And 
gate, means to drive said flip-flop to provide a first out 
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put to open said second input And gate to transfer 
digits of a number into said second register and to open 
said first feedback And gate, means to apply shift pulses 
to said first and second registers to synchronize the entry 
and transfer of digits therein, means to drive said flip 
flop to provide a second output to open said first input 
And gate to transfer digits of another number into said 
first register and to open said second feedback And gate, 
size comparator means coupled to said first and second 
register input stages to provide a first output when the 
digit in said first input stage is lower than the digit in 
said Second input stage and to provide a second output 
when the digit in the second input stage is lower than 
the digit in said first input stage, means actuated by 
the entry of a complete number from said source to 
apply said size comparator first output to drive said 
flip-flop to provide a first output and to apply said size 
comparator second output to drive said flip-flop to pro 
vide a second output whereby the lowest of said num 
bers remains in said registers and the other is replaced 
by a succeeding number from said source. 

10. Apparatus as recited in claim 9 wherein said means 
actuated by the entry of a complete number from said 
source includes a second flip-flop having a first and sec 
ond output, means coupling said size comparator means 
output to said second flip-flop to energize its first output 
responsive to a size comparator first output and to ener 
gize its second output responsive to a size comparator 
second output, means to generate a pulse after a num 
ber has been entered into said apparatus from said 
Source, a pair of And gates each having two inputs and 
an output, means coupling one input of said pair of 
And gates to said means to generate a pulse, means cou 
pling another input of one of said And gates to the first 
output of said second flip-flop, means coupling the out 
put of said one And gate to said first flip-flop input to 
drive it to provide a first output when actuated, means 
coupling another input of said other And gate to the 
Second output of said second flip-flop, and means cou 
pling the output of said other And gate to said first 
flip-flop to drive it to provide a second output when 
actuated. 

11. Apparatus for determining the largest or smallest 
of the numbers in a source of numbers which are Supplied 
to said apparatus serially with the least significant digit 
first said apparatus comprising a first and second input 
And gate each having two inputs and an output, a first 
and second serial shift register each having an input and 
output stage, a first and second feedback And gate each 
having a pair of inputs and an output a first flip-flop 
having first and second inputs and first and second outputs 
respectively energized when either said first or second 
input is energized, means coupling one input of said first 
and second input And gates to said source of numbers, 
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means coupling said first flip-flop first output to the other 
input of said second input And gate and to one input of 
said first feedback And gate, means coupling said first 
flip-flop second output to the other input of said first 
input And gate and to one input of said second feedback 
And gate, means coupling the outputs of said first input 
And gate and said first feedback And gate to said first 
register input stage, means coupling the outputs of said 
second input And gate and said second feedback And 
gate to said second register input stage, means coupling 
the output stage of said first register with the other input 
of said first feedback And gate, means coupling the output 
stage of said second register with the other input of said 
second feedback And gate, means to apply shift pulses to 
both said registers, size comparator means coupled to the 
input stages of said first and second registers to provide a 
first output when the digit in said first register input stage 
is the larger and to provide a second output when the 
digit in said second input stage is the larger, and means 
actuated after the entry of a binary number from said 
source into one of said two registers and responsive to an 
output from said size comparing means to energize one of 
said two flip-flop inputs whereby the largest or smallest 
number is retained in said registers and the other is 
replaced. 

12. Apparatus as recited in claim 11 wherein said means 
actuated after the entry of a binary number and respon 
sive to an output from said size comparing means is 
responsive to a first size comparing means output to 
energize said flip-flop first input whereby the largest of 
the numbers in said first and second registers is retained 
and the other is replaced by another number from said 
source, 

13. Apparatus as recited in claim 11 wherein said 
means actuated after the entry of a binary number and 
responsive to an output from said size comparing means 
is responsive to a first size comparing means output to 
energize said flip-flop second input whereby the smallest 
of the numbers in said first and second registers is retained 
and the other is replaced by another number from said 
SOXce. 

14. Apparatus as recited in claim 11 wherein said 
means actuated after the entry of a binary number and 
responsive to an output from said size comparing means 
actuated after the entry of a binary number and respon 
sive to an output from said size comparing means includes 
a second flip-flop having a first and second input and 
a first and second output respectively energized when 
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either said first or said second input is energized, means 
coupling said size comparing means to said second flip 
flop to energize said first input with said size comparing 
means first output and to energize said second input with 
said size comparing means second output, means to 
generate a pulse after entry of a binary number in said 
apparatus, a pair of And gates each having two inputs 
and an output, means coupling one input of said pair 
of And gates to said means to generate a pulse, means 
coupling another input of one of said pair of And gates 
to the first output of said second flip-flop, means coupling 
another input of the other of said pair of And gates to 
the second output of said second flip-flop, means coupling 
the output of said one And gate to the first input of said 
first flip-flop, and means coupling the output of said 
another And gate to the second input of said first flip-flop. 

15. Apparatus as recited in claim 11 wherein said 
means actuated after the entry of a binary number and 
responsive to an output from said size comparing means 
actuated after the entry of a binary number and respon 
sive to an output from said size comparing means includes. 
a second flip-flop having a first and second input and a 
first and second output respectively energized when either 
said first or said second input is energized, means coupling 
said size comparing means to said second flip-flop to 
energize said first input with said size comparing means 
first output and to energize said second input with said 
size comparing means second output, means to generate 
a pulse after entry of a binary number in said apparatus, 
a pair of And gates each having two inputs and an output, 
means coupling one input of said pair of And gates to 
said means to generate a pulse, means coupling another 
input of one of said pair of And gates to the first output of 
said second flip-flop, means coupling another input of 
the other of said pair of And gates to the second output 
of said second flip-flop, means coupling the output of said 
one And gate to the second input of said first flip-flop 
and means coupling the output of said another And gate 
to the second input of said first flip-flop. 
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